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METHOD FOR PRODUCING A MOLDED
ARTICLE WITH A LAMINATED STRUCTURE

FIELD OF THE INVENTION

The present invention relates to a method and an apparatus
for manufacturing a laminated product of synthetic resin,
which 1s composed of a base member and a surface member.
More specifically, the present invention relates to a laminated
product of synthetic resin, which 1s used as engineering prod-
ucts, such as an interior part for vehicles, and a method and an
apparatus for manufacturing the laminated product of syn-
thetic resin.

DESCRIPTION OF RELATED ART

An 1nterior part for vehicles, which 1s composed of a base
member and a surface member integrated with the base mem-
ber, has been used to increase a value of the vehicle with the
laminated structure of the base member and the surface mem-
ber. The base member 1s to provide appropnate rigidity to the
interior part while the surface member 1s to provide a deco-
rative design and a delighttul tactile impression to the interior
part. The interior part for vehicles includes a dashboard panel
and an mstrument panel, to which a variety of equipments and
devices are attached. These panels generally include an over-
hang, which 1s a so-called meter visor hanging over the equip-
ments and devices attached to the panels. The meter visor 1s
adapted to shadow the equipments and devices by blocking
incident light or sunlight and to improve the visibility of the
equipments and devices. The meter visor usually comprises a
relatively large bulge on a surface of the meter visor. Conse-
quently, a surface member might be stretched excessively
when the surface member 1s molded on a concave surface that
1s formed 1n a female mold to mold a bulge of the meter visor.
As the stretched surface member becomes thin, the quality of
the interior part might be debased by the thin part of the
surface member.

Japanese Patent Publication No. H10-146861 discloses
method and apparatus for manufacturing a molded product
consisting of a base and a skin material integrated with the
base. The method and apparatus i1s characterized in that a
sheet of the skin material 1s gradually stretched in two stages,
that 1s, a stage of preliminary press molding and a subsequent
stage of gas pressure molding, and without a process of pre-
heating the sheet of the skin material. Thereby, the sheet of the
skin material 1s protected from breakage even if there 1s an

angular ridgeline in a periphery of a concave portion of the
female mold.

Japanese Patent Publication No. 2003-326576 discloses an
injection-compression molding method and apparatus for
producing a sheet-laminated product. The method and appa-
ratus 1s characterized by the steps of placing a preheated sheet
of surface material between a male die and a female die, and
closing a male die against a female die with holding the end
edges of the sheet movably. Thereby, the sheet of surface
material 1s prevented from becoming thin 1n a concave portion
ol the female die when molding.

Japanese Patent Publication No. HO6-113011 discloses a
laminated molding product comprising a laminating sheet
and a body of a molded object on the surface of which the
laminating sheet 1s disposed. The laminating sheet 15 com-
posed of a surface layer and a layer of thermoplastic elas-
tomer on which the surface layer 1s laminated. Since the
surface layer 1s mainly composed of a thermoplastic resin and
an elastic-bead or porous morganic filler, the laminated mold-
ing product has a soft skin with a suede fimish. In order to
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enhance the softness of the skin of the laminated molding
product, the publication also teaches a layer of synthetic resin
foam that should be disposed on the side of the thermoplastic
clastomer layer of the laminating sheet.

Japanese Patent Publication No. HO7-047630 discloses a
multilayered molded product with excellent adhesiveness,
which comprises a cushioned skin layer of polyolefin resin
foam, a core layer of polyolefin resin, and an adhesive layer of
low-melting polyolefin disposed between the cushioned skin
layer and the core layer.

When a sheet of skin matenal 1s stretched without preheat-
ing, as disclosed in Japanese Patent Publication No. H10-
146861, 1t 1s subjected to cold working 1n dies. Consequently,
the dies must be closed gradually to protect the sheet of skin
maternal from breakage, while the dies can be closed rapidly
to shape a preheated sheet of skin material. Furthermore, the
sheet of skin material 1s subjected to cold working 1n two
stages, that 1s, a stage of preliminary press molding and a
subsequent stage of gas pressure molding. Therefore, accord-
ing to the mvention disclosed 1n Japanese Patent Publication
No. H10-146861, 1t would be difficult to shorten the amount
of molding time substantially.

Japanese Patent Publication No. 2003-326576 discloses
method and apparatus for injection-compression molding,
which includes a step of preheating a laminating sheet before
a process of 1njection-compression molding. A preheated and
solftened sheet has a possibility of being deflected or
deformed when it 1s arranged between a pair of molds. Fur-
thermore, the closing velocity of the molds must be deter-
mined in consideration of decrease 1n temperature of the
preheated sheet, because the temperature of the preheated
sheet starts to drop continuously when the preheating process
1s completed. In addition, the laminating sheet 1s subjected to
a vacuum forming process betfore the pair of molds are closed
up completely. In the vacuum forming process, the laminating
sheet 1s gradually stretched from an upper edge of an 1nner
surface of a recessed area 1n a female mold toward a suction
port for vacuum forming 1n a bottom of the recessed area,
while a portion of the laminating sheet 1s kept 1n contact with
the mnner surface of the recessed area. As a result, the portion
of the laminating sheet, which was kept 1n contact with the
inner surface of the recessed area 1n the female mold during
the vacuum forming process, 1s stretched 1n smaller amount
than the portion of the laminating sheet, which was out of
contact with the inner surface of the recessed area in the
female mold during the vacuum forming process. In other
words, the portion of the laminating sheet, which 1s 1n the
vicinity of the bottom of the recessed area 1n the female mold,
1s thinner than the portion of the laminating sheet, which 1s 1n
the vicinity of the verge of the opening of the recessed area in
the female mold. Consequently, a variety of patterns such as
embossed designs and pictures disposed on the laminating
sheet might become deformed or sprawled especially 1n the
portion of the laminating sheet located 1n the vicimity of the
bottom of the recessed area 1n the female mold. As aresult, the
laminating sheet might become defective 1 appearance.

Japanese Patent Publication Nos. HO6-115011 and HO7-
047630 disclose laminating sheets consisted of a plurality of
layers, respectively. Since many processes are necessary to
produce such a plurality of layers as disclosed 1n the publica-
tions, 1t might be expensive to produce a molded product
covered with such a laminating sheet. At the time of hot or
cold processing, a multilayered molded product as disclosed
in the publications has, 1n general, a possibility of becoming
deformed due to differences in the linear expansion coelli-
cients of the layer materials or a possibility of involving a
defect because of internal stress stored 1n the molded product.
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In addition, the laminated molded product disclosed 1n Japa-
nese Patent Publication No. HO6-115011 has multilayer lami-

nation each layer of which 1s different in material, so that the
product cannot be easily recycled.

SUMMARY OF THE INVENTION

The objective of the present invention 1s to provide a
method for producing a laminated molded article having a
raised area on the surface of the article, wherein the produc-
tion efliciency can be increased, the setting for performing the
method can be easily changed 1n accordance with the mate-
rials to be processed, and the defects or flawed articles can be
reduced.

Another object of the present invention 1s to provide an
apparatus for producing a laminated molded article, wherein
the production efficiency can be increased, the setting of the
apparatus can be easily changed 1n accordance with the mate-
rials to be processed, the defects or flawed articles can be
reduced, and the structure of the apparatus can be simplified.

Further object of the present mvention 1s to provide a
laminated article of synthetic resin, wherein the laminated
article comprises a laminating sheet of a single-layered struc-
ture, and the laminated article has sufficient impact resis-
tance.

The first aspect of the present invention 1s a method for
manufacturing a plastic laminated article having a raised por-
tion on the surface thereot, said method comprising:

a step of arranging and securing a sheet-like surface mem-
ber of thermoplastic synthetic resin between a die surface of
a female mold having a concave portion accommodating an
obverse side profile of said raised portion and a die surface of
a male mold having a convex portion accommodating a
reverse side profile of said raised portion; a step of heating
said sheet-like surface member by applying heated fluid such
as hot air to said sheet-like surface member that 1s secured
between said die surfaces:

a step of closing said male mold and said female mold
while said heated fluid 1s applied to said sheet-like surface
member or after said heated tluid 1s applied to said sheet-like
surface member, whereby said sheet-like surface member 1s
drawn to extend along said die surface of said female mold by
said convex portion and the temperature of said sheet-like
surface member 1n the area of contact with said convex por-
tion 1s kept lower than the temperature of said sheet-like
surface member 1n the area surrounding said area of contact;

a step of carrying out a vacuum forming of said sheet-like
surface member against said die surface of said female mold
alter said molds are closed, whereby said sheet-like surface
member 1s attached firmly to said die surface of said female
mold; and

a step of 1nyjecting a molten resin mnto a cavity defined
between said vacuum-formed sheet-like surface member and
said die surface of said male mold, whereby a backing mate-
rial layer laminated on said sheet-like surface member 1s
formed by said molten resin.

The second aspect of the present invention 1s a method for
manufacturing a plastic laminated article having a raised por-
tion on the surface thereot, said method comprising;:

a step of arranging and securing a sheet-like surface mem-
ber of thermoplastic synthetic resin between a die surface of
a female mold having a concave portion accommodating an
obverse side profile of said raised portion and a die surface of
a male mold having a convex portion accommodating a
reverse side profile of said raised portion;

a step of closing said male mold and said female mold after
said sheet-like surface member 1s secured, and heating said
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sheet-like surface member by applying hot fluid such as hot
air to said sheet-like surface member after said convex portion
1s pressed against the sheet-like surface member, and while
said heated fluid 1s applied to said sheet-like surface member
or after said heated tluid 1s applied to said sheet-like surface
member, said sheet-like surface member 1s drawn to extend
along said die surface of said female mold by said convex
portion and the temperature of said sheet-like surface member
in the area of contact with said convex portion 1s kept lower
than the temperature of said sheet-like surface member 1n the
area surrounding said area of contact;

a step of carrying out a vacuum forming of said sheet-like
surface member against said die surface of said female mold
after said molds are closed, whereby said sheet-like surface
member 1s attached firmly to said die surface of said female
mold; and

a step of 1njecting a molten resin into a cavity defined
between said vacuum-formed sheet-like surface member and
said die surface of said male mold, whereby a backing mate-
rial layer laminated on said sheet-like surface member 1s
formed by said molten resin.

The third aspect of the present invention 1s an apparatus for
manufacturing a plastic laminated article, comprising a male
mold having a generally convex die surface, a female mold
having a generally concave die surface, a cavity defined
between said die surfaces when said male mold and said
female mold are closed, at least one resin flow channel for
injection molding having an opening 1n said convex die sur-
face, a plurality of vacuum ports for vacuum forming having
openings 1n said concave die surface, clamping devices for
securing a sheet-like surface member of thermoplastic syn-
thetic resin between said both die surfaces, and devices for
heating said sheet-like surface member, characterized in that
said devices for heating said sheet-like surface member com-
prises nozzles for supplying heated fluid, which 1s fixed to
said female mold and adapted to supply heated fluid such as
hot air between said both die surfaces, and fluid guide sur-
faces formed 1n said male mold, wheremn said fluid guide
surfaces apply the fluid blown out from said nozzles to
desired areas on said sheet-like surface member for the period
from the time when the male mold 1s pressed against said
sheet-like surface member secured by said clamping devices
to the time when the sheet-like surface member 1s drawn to
extend along said concave die surface, when said male mold
and said female mold are closed.

The fourth aspect of the present invention 1s a plastic lami-
nated article characterized in that a sheet-like surface member
made of a single layer structure of a thermoplastic elastomer,
and a synthetic resin backing maternial layer made of the
materials having a compatibility with said surface member
and mtegrated with the reverse side of said surface member by
thermal melting.

According to the first aspect of the present invention, the
convex portion of the male mold keeps 1n contact with the
laminating sheet while the laminating sheet 1s extended by the
male mold. During this time, the heat transfer between the
laminating sheet and the male mold 1s effected due to the heat
gradient therebetween. In other words, the spontaneous trans-
fer of thermal energy 1s effected from the heated laminating
sheet to the male mold through the contact area created
between the laminating sheet and a convex portion of the male
mold, so that the temperature of the contact area of the lami-
nating sheet becomes lower than the temperature of the
peripheral region of the contact area of the laminating sheet.

When the convex portion of the male mold 1s brought 1nto
contact with the laminating sheet during the process of heat-
ing the laminating sheet, both the laminating sheet and the
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convex portion of the male mold are heated at the same time.
In this istance, however, the temperature of the male mold
can be kept lower than the temperature of the laminating
sheet, because the amount of heat capacity of the male mold
1s far larger than that of the laminating sheet. Therefore, the
heat gradient between the male mold and the laminating sheet
1s maintained 1n this instance, so that the temperature of the
laminating sheet in the area of contact with the convex portion
of the male mold can be kept lower than the temperature of the
peripheral region of the contact area of the laminating sheet.

When the convex portion of the male mold 1s in contact
with the laminating sheet, hot gas or hot air cannot be directly
applied to the contact area created between the convex portion
of the male mold and the laminating sheet. Therefore, the rate
of temperature rise 1n the contact area of the laminating sheet
can be lowered 1n comparison with the rate of temperature
rise 1n the peripheral region of the contact area of the lami-
nating sheet.

During the heating process, therefore, the tensile strength
of the contact area of the laminating sheet 1s kept higher than
the tensile strength of the peripheral resign of the contact area
of the laminating sheet, so that the contact area of the lami-
nating sheet 1s “hard to stretch” compared with other regions
of the laminating sheet.

Consequently, the present invention can prevent the convex
portion of the male mold from causing damage to the contact
area of the laminating sheet, such as a reduction in thickness
and a fracture of the laminating sheet, 1n the process of press-
ing the contact area of the laminating sheet with the convex
portion of the male mold so as to extend the laminating sheet
along the molding surface of the female mold.

The laminating sheet that has been extended along the
molding surface of the female mold 1s subjected to a process
of vacuum forming imn which the laminating sheet 1s closely
attached to the molding surface of the female mold by nega-
tive pressure supplied to suction ports 1n the female mold. In
order to improve the accuracy of vacuum forming and obtain
a laminated article of high quality, the laminating sheet must
be closely attached to the bottom part or the deepest portion of
the recessed area of the female mold by the suction force
generated 1n the suction ports. When a laminating sheet that
has been umiformly heated over all areas of the laminating
sheet 1s vacuumed up against the female mold that has open-
ings of suction ports at the bottom part or the deepest portion
of the recessed area of the female mold, the thickness of the
laminating sheet 1s, as a general rule, gradually decreasing
toward the bottom part or the deepest portion of the recessed
area of the female mold. Consequently, the laminating sheet
becomes unequal in thickness and might suifer damage such
as Iractures and perforations depending on conditions. This 1s
because the laminating sheet 1s continuously drawn from the
shallower portion to the deeper portion of the recessed area 1n
the female mold, so that the laminating sheet 1s sequentially
brought into contact with the surface of the recessed area and
1s concurrently stretched 1n the direction of the suction ports
at the bottom part or the deepest portion of the recessed area.
According to the present invention, however, the thickness of
the laminating sheet can be kept substantially equal over all
areas of the laminating sheet, even 1n the area where the
laminating sheet extends along the bottom part or the deepest
portion of the recessed area of the female mold. This 1s
because the convex portion of the male mold created a low-
temperature “hard-to-stretch™ area 1n the laminating sheet
when the rndge of the convex portion of the male mold pressed
the laminating sheet mto the bottom part or the deepest por-
tion of the female mold. Therefore, the present invention can
prevent the patterns such as embossed designs and pictures
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disposed on the laminating sheet from being deformed at the
bottom part or the deepest portion of the recessed area 1n the
molding surface of the female mold.

According to the first aspect of the present invention, it 1s
possible to determine the time to start a process for heating the
laminating sheet and the time to end the process arbitrarily.
Furthermore, it 1s also possible to restart the process for
heating the laminating sheet after the end of the heating
process of the laminating sheet. Thereby, taking into consid-
eration the materials of the laminating sheet and the shape of
the molding surface, the laminating sheet can be formed and
shaped at the optimal temperature. Furthermore, the process
of vacuum forming could be carried out immediately after the
closure of the molds, if the temperature of the laminating
sheet 1s adjusted to become the temperature suitable for the
vacuum forming at the time that the male mold has been
closed against the female mold. Thereby, the productivity of
the laminated article according to the present invention can be
improved moreover. If the temperature of the laminating
sheet can’t help lowering below the temperature suitable for
the vacuum forming at the time that the molds have been
closed, due to the properties such as the material and the
thickness of the laminating sheet, the equal productivity of
the laminated article according to the present invention can be
attained by preheating the female mold with use of a conven-
tional heating device.

A second aspect of the present invention resides in that a
convex portion of a male mold 1s brought 1nto contact with a
laminating sheet before heating the laminating sheet. In other
words, a convex portion of amale mold 1s brought into contact
with a cold laminating sheet and then a process of heating a
laminating sheet 1s commenced under a situation where a
convex portion of a male mold 1s in contact with a cold
laminating sheet. Since the contact area created between the
laminating sheet and the convex portion of the male mold 1s
not subjected to hot gas or hot air, the contact area of the
laminating sheet gradually increase temperature from the
cold laminating sheet. Consequently, the contact area of the
laminating sheet 1n the second aspect of the present invention
1s lower in temperature than that of the fist aspect of the
present invention when the contact area of the laminating
sheet 1s pushed toward the bottom part of the recessed area of
the female mold by the ridge of the convex portion of the male
mold. In addition to the aforementioned advantages produced
from the first aspect of the present invention, therefore, the
second aspect of the present invention can prevent the lami-
nating sheet from being fractured or deformed by the ridge of
the convex portion of the male mold even 11 the convex por-
tion 1s designed to protrude to a relatively large extent.

The third aspect of the present invention 1s an apparatus for
producing a laminated article of synthetic resin, which allows
heating a laminating sheet 1n a variety of heating modes
during a process of closing a male and female molds. Accord-
ing to the present invention, a jet of hot gas or hot air squirted
out of a heating nozzle 1s flown along a hot gas deflection
surface and surely applied to the laminating sheet during a
process of closing the molds, so that the laminating sheet can
be heated and stretched, simultaneously. Thereby, the produc-
tivity of the laminated article can be improved by the appa-
ratus according to the present mnvention.

Since closing the molds causes a relative movement
between the heating nozzle and the hot gas deflection surface
of the male mold, in the present invention, the hot gas detlec-
tion surface can be configured to change the flow direction of
hot gas continuously as a process for closing the molds 1s
progressing so that the area of the laminating sheet to which
the hot gas 1s applied 1s shifted continuously. For example, 1t
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1s possible to configure the hot gas deflection surface to direct
hot air toward a central area of the laminating sheet at the

beginning of the process for closing the molds and to detlect
hot air gradually 1n the direction of a peripheral area of the
laminating sheet as the process for closing the molds are
progressing. If a peripheral area of the laminating sheet 1s
heated intensively to stretch easily at the end of the process for
closing the molds, a central area of the laminating sheet can be
prevented from being damaged, ruptured or thin-walled. In
addition, the process for intensively heating a peripheral area
of the laminating sheet further improves the mtegrity of the
laminating sheet and a base layer of a laminated article so that
the laminated article does not cause delamination and other
problems after the laminated article 1s molded.

The fourth aspect of the present invention 1s a laminated
article of synthetic resin, wherein the laminating sheet 1s
formed by a single layer structure and is directly integrated
with the base layer of the laminated article by thermal bond-
ing. No foam layer 1s arranged between the laminating sheet
and the base layer, because a foam layer tends to cause
delamination or material failure in a laminated article when
tensile stress or bending stress 1s generated in a laminated
article having a foam layer. Thereby, a high impact resistant
laminated article of synthetic resin can be obtained according
to the present invention. In addition, the laminating sheet 1s
made of thermoplastic elastomer having high elasticity and
there 1s little possibility that the laminating sheet of the article
1s damaged, even 1f the base layer 1s destroyed by impactive
torce. Theretfore, the laminating sheet covering a broken base
layer can prevent the damaged portion of the base layer from
penetrating through and protruding from the laminating
sheet. Furthermore, the laminated article according to the
present invention consists of two layers, that 1s, a base layer
and a layer of a laminating sheet and, comparing to a lami-
nated structure having three or more layers, the effects of
expansion and constriction of layers as a result of temperature
changes are limited to those caused by two layers. In other
words, a laminated article according to the present invention
consists of two layers, that 1s, at most two kinds of resin
materials, to facilitate the adjustment and prevention of the
deformation or warpage that is caused 1n the laminated article
due to the difference of coellicient of linear thermal expan-
sion between the two kinds of resin materials. Furthermore,
the laminated article according to the present invention 1s
provided with a top surface of adequate softness of touch due
to the elasticity of thermoplastic elastomer of the laminating,
sheet, and the laminated article according to the present
invention can be recycled by crushing the laminated article as
a whole provided that the laminating sheet and the basis layer
are made from the materials that are compatible with each
other.

BRIEF DESCRIPTION OF THE DRAWINGS

Some of the features and advantages of the invention hav-
ing been generally described, others will become apparent
from the description which follows, and from the accompa-
nying drawings, 1n which:

FIG. 1A shows a perspective view of a meter visor for
vehicles, which 1s 1llustrated as one example of a laminated
article of synthetic resin that 1s manufactured by the method

and apparatus according to the present invention; FIG. 1B
shows a schematic cross-sectional view of the meter visor

illustrated in FIG. 1A, which 1s taken along a line B-B 1n FIG.
1A;

FI1G. 2 shows a vertical cross-sectional view of an appara-
tus for manufacturing the meter visor of FIGS. 1A and 1B
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according to the present invention, wherein a laminating sheet
that has been secured to the apparatus 1s heated before the

start of closing molds;

FIG. 3 shows a vertical cross-sectional view of the appa-
ratus 1illustrated in FIG. 2, wherein the molds got started
closing subsequent to the process of FI1G. 2 and the laminating
sheet 1s pressed with a convex portion of the male mold for
stretching;

FIG. 4 shows a vertical cross-sectional view of the appa-
ratus 1llustrated in FIG. 3, wherein the molds were closed
subsequent to the process of FIG. 3 and the laminating sheet
stretched onto the molding surface of the female mold 1s held
against the molding surface of the female mold by vacuum
forming;

FIG. 5 shows a vertical cross-sectional view of the appa-
ratus 1llustrated 1n FIG. 4, wherein molten resin 1s mjected
into a cavity that 1s defined between the laminating sheet,
which 1s held against the molding surface of the female mold
through the process of FIG. 4, and the molding surface of the
male mold, to form a base layer laminated with the laminating
sheet:

FIG. 6 shows a vertical cross-sectional view of the appa-
ratus 1llustrated 1in FIG. 6, wherein the male mold 1s lifted to
a position where a molded meter visor 1s released subsequent
to the mjection molding process of FIG. 5 and a process for
cooling the molded meter visor;

FIG. 7 shows a schematic diagram of a control system of
the apparatus according to the present mnvention;

FIG. 8 shows a vertical cross-sectional view of the appa-
ratus according to the present ivention, wherein a modified
process for manufacturing a laminated article of synthetic
resin 1s performed 1n accordance with the present mvention,
which 1s characterized in that a convex portion of a male mold
1s brought into contact with a laminating sheet, subsequent to
a process for securing the laminating sheet between the
molds, but prior to a start of heating the laminating sheet;

FIG. 9 shows a vertical cross-sectional view of the appa-
ratus illustrated 1n FIG. 8, wherein a process for heating the
laminating sheet 1s started after a convex portion of a male
mold 1s brought into contact with a laminating sheet; and

FIG. 10 1s a graph showing the results of Dupont impact
test performed on a synthetic resin laminated body.

DETAILED DESCRIPTION OF THE INVENTION

The production method and apparatus according to the
present invention 1s suitable for the mass production of lami-
nated products of synthetic resin, such as a meter visor for
vehicles that consists of a plastic backing material with the
requisite rigidity and a sheet-like surface member such as a
decorative sheet. In order to find optimum conditions for
processing the sheet-like surface member to be used, on the
occasion when such mass-production items are manufac-
tured, temperature changes in the area where a salient of a
male mold 1s pressed against the sheet-like surface member
are measured by a sensor, for example, by a temperature
sensor embedded 1n a molding surface of the salient of the
male mold, while various closing motions of the molds are
carried out under various heating conditions. A heater for
supplying hot fluid and an actuator for driving the molds are
controlled on the basis of the data obtained 1n such a way and
thereby the sheet-like surface member 1s processed and
molded adequately. When conditions for processing the plas-
tic backing material that i1s injected on a backside of a
vacuum-molded sheet-like surface member are determined,
the laminated products of synthetic resin can be manufac-
tured under same conditions as far as they are made from
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same materials and shaped into same configurations. In addi-
tion, 1 order to provide impact resistance to the laminated
products of synthetic resin according to the present invention,
the sheet-like surface member 1s preferably 0.35 mm or more
in thickness 11 the laminated product according to the present
invention 1s 3.5 mm 1n thickness including the sheet-like
surface member.

First Embodiment

FIG. 1A shows a perspective view of a meter visor for
vehicles 1, which 1s drawn as though looking from the
obverse side. The meter visor 1 comprises a sloping portion 3
in which an opening 2 1s formed to install meters etc., araised
portion 4 extending over the sloping portion 3, and a deck
portion 5 extending from the lower edge of the sloping por-
tion 3 to project toward a vehicle driver. The raised portion 4
comprises an upper edge 6 extending along the sloping por-
tion 3, a lower edge 7 extending along a windshield (not
shown) of an automobile, and a convexly curved surface
slanting from the upper edge 6 to the lower edge 7. A surplus
portion 8, which i1s formed when the meter visor 1 1s molded,
extends 1n the outer rim of the lower edge 7.

As 1llustrated 1in FIG. 1B, the meter visor 1 1s a laminated
body that consists of a surface layer 9 made of a decorative
sheet etc. and a backing material layer 10 made of a synthetic
resin. The surface layer 9 1s made of soit feel materials such
as olefin-based thermoplastic elastomer (TPO). In addition,
the backing material layer 10 1s made of the materials, such as
polypropylene resin (PP), which can be processed by injec-
tion molding. The backing material layer 10 provides an
injection molded article with the requisite rigidity. The mate-
rial of the backing material layer 10 has a compatibility with
the surface layer 9. Furthermore, the surplus portion 8 and a
surface layer 9 covering the opening 2 are removed from the
meter visor 1 after the molding 1s completed.

FIG. 10 1s a graph showing the results of Dupont impact
test performed on a synthetic resin laminated body such as the
meter visor 1 1llustrated 1n FI1G. 1B, wherein the impact test 1s
performed at 0.35 mm, 0.75 mm, and 1.2 mm of the wall
thickness of the surface layer 9, on condition that the thick-
ness of the synthetic resin laminated body including the wall
thickness of the surface layer 9 1s 3.5 mm, and that the syn-
thetic resin laminated body consists of the surface layer 9
having a single layer structure of thermoplastic elastomer and
the synthetic resin backing material layer 10 made of the
materials having a compatibility with the surface layer 9. FIG.
10 also shows the result of Dupont impact test performed at
0.0 mm of the wall thickness on a sample wherein the wall
thickness of the synthetic resin backing material layer 10 1s
3.5 mm and the surface layer 10 1s not laminated. The Dupont
impact tests were performed under the circumstances ol —30°
C.

As shown 1n FIG. 10, the above test results represent that
the synthetic resin laminated body having no surface layer 9
1s lowest 1n 1impact tenacity and the degree of impact tenacity
of the synthetic resin laminated body increases as the wall
thickness of the surface layer 9 increases. The table of F1G. 10
teaches that a sharp increase 1n the degree of impact tenacity
cannot be expected at 1.2 mm and greater in wall thickness of
the surface layer 9 because the degree of impact tenacity 1s
substantially the same value 1n the range of 0.75 mm to 1.2
mm 1n wall thickness of the surface layer9. Consequently, the
upper value of the wall thickness of the surface layer 9 1s
preferably limited to 1.2 mm in view of the economical effi-
ciency. On the other hand, the lower value of the wall thick-
ness of the surface layer 9 1s preferably limited to 0.35 mm in
view ol the commodity value, because the feel of the surface
of the synthetic resin laminated body having a surface layer 9
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that 1s less than 0.35 mm 1n wall thickness resembles that of
the laminated body having no surface layer 9. As a result of
the above 1mpact test, 1t 1s noted that even 1f the backing
matenal layer 10 1s cracked, the surface layer 9 i1s neither
damaged with cracks or chaps nor destroyed by the fractured
part of the backing material layer 10 on condition that the wall
thickness of the surface layer 9 is 1n the range of 0.35 mm to
1.2 mm, so that the fractured part of the backing matenal layer
10 was not revealed on the surface of the synthetic resin

laminated body.

Second Embodiment

FIGS. 2-7 show an embodiment representing the produc-
tion method and apparatus according to the present invention.
Heremafter, with reference to the drawings, the production
method and apparatus of the present invention will be
explained by taking a production of a meter visor 1 for
example.

As illustrated in FIG. 2, the apparatus 11 for manufacturing
a synthetic resin laminated body comprises an upper base 13
carrying a male mold 12 and a lower base 15 carrying a female
mold 14. The male mold 12 and the female mold 14 are placed
opposite to each other and the male mold 12 can be recipro-
cated toward the female mold 14 together with the upper base
13 that 1s driven by an actuator (not shown). The die surface
12a of the male mold 12 has a salient 125 that 1s shaped to
conform to the configuration of a reverse side of the raised
portion 4 of the meter visor 1, while the die surface 14a of the
female mold 14 has a concave portion 145 that 1s shaped to
conform to the configuration of an obverse side of the raised
portion 4 of the meter visor 1. When the male mold 12 1s
closed against the female mold 14, a cavity 1s formed between
the die surfaces 12a and 14a. At this time, the salient 1256 of
the male mold 12 comes 1nto the concave portion 145 of the
female mold 14 so that a curved void for molding the raised
portion 4 of the meter visor 1 1s formed between a curved
surface 12¢ of the salient 126 and a curved surface 14¢ of the
concave portion 145.

Resin flow channels 16, 17 for imjection molding are
formed 1n the male mold 12 and they extend from the upper
base 13 to the die surface 12q of the male mold 12. The resin
flow channel 16 opens 1n the curved surface 12¢ of the salient
125 and the other resin flow channel 17 opens 1n the flat part
of the die surface 12a. Since a molten resin does not flow 1nto
the cavity portion corresponding to the opening 2 in the
sloping portion 3 of the meter visor 1, the two resin flow
channels 16,17 are arranged so as to assure that a molten resin
1s filled 1n the cavities lying on either side of the sloping
portion 3. A pair of ejector rods 18, 19 1s attached to the male
mold 12 and they also extend from the upper base 13 to the die
surface 12a of the male mold 12. The apical ends of the
ejector rods 18, 19 are revealed 1n the die surface 12a of the
male mold 12 to form a part of the die surface 124, respec-
tively, and they project from the die surface 12a when remov-
ing a molded meter visor 1 from the molds 12, 14.

The female mold 14 has a block 20 that forms a part of the
die surface 14a of the female mold 14 and a side wall 20q of
the block 20 forms a part of the concave portion 145. When
the male mold 12 1s closed against the female mold 14, a
sheet-like surface member 21 that forms the surface layer 9 of
the meter visor 1 1s wedged 1n a gap between the side wall 20a
of the block 20 and a side wall 124 of the male mold 12. Since
the opening 2 of the meter visor 1 1s formed at the position
corresponding to the side wall 20a of the block 20, 1t 1s
preferable that the molten resin injected from the resin tlow

channel 16, 17 does not flow 1nto the gap between the side
wall 20a of the block 20 and the side wall 124 of the male
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mold 12. The block 20 1s detachably attached to the female
mold 14 so as to replace the block 20 when the block 20 1s
worn away.

A vacuum port 22 for vacuum forming 1s formed at the
lower edge of the side wall 20a of the block 20 1n the female
mold 14. Since the lower edge of the side wall 204 of the block
20 15 located at the bottom of the concave portion 145 1n the
die surface 14a of the female mold 14, that 1s, at the deepest
portion of the die surface 144, the vacuum port 22 for vacuum
forming opens at the deepest portion of the die surface 14a of
the female mold 14. Vacuum ports 23, 24 for vacuum forming,
are also formed in the female mold 14. The vacuum port 23 for
vacuum forming opens at the upper edge of the convex por-
tion 145 of the female mold 14, that 1s, 1n the vicinity of the
sallowest part, while the vacuum port 24 for vacuum forming
opens at the position corresponding to the end edge of the
deck portion 5 of the meter visor 1. Reference numeral 235
indicates an air suction path for evacuating air from the
vacuum ports 22, 23, 24 for vacuum forming.

On a parting surface PL of the female mold 14, clamping
devices 26, 27 each are located on either side of the die surface
14a of the female mold 14. The clamping devices 26, 27 are
used to secure the sheet-like surface member 21 to the parting,
surface PL of the female mold 14. Nozzles 28, 29 for supply-
ing hot fluid are fixed to the clamping devices 26, 27, respec-
tively and the nozzles 28, 29 supply hot fluid B such as hot air
between the die surface 12q of the male mold 12 and the die
surface 14a of the female mold 14.

Fluid gmide surfaces 30, 31 are formed in the side of the
male mold 12. The fluid gmide surfaces 30, 31 are configured
to steer the hot fluild B blown out from the nozzles 28, 29
toward the sheet-like surface member 21 secured to the
female mold 14 by means of the clamping devices 26, as the
male mold 12 moves toward the female mold 14 and the tiuid
guide surfaces 30, 31 enter 1n a tlow of the fluid blown out
from the nozzles 28, 29. The fluid guide surfaces 30, 31 may
be configured to be an inclined plane extending from an
intermediate part 1n the side of the male mold 12 to the die
surface 12a of the male mold 12.

The configuration of the fluid guide surfaces 30, 31 1s not
limited to the inclined plane as 1llustrated 1n FIGS. 2 and 3.
For example, the fluid guide surfaces 30, 31 may be config-
ured to be a convex curve facing the nozzles 28, 29 or a
concave curve caved toward the ejector rods 18, 19. When
changing the configuration of the fluid guide surfaces 30, 31
variously, 1t 1s also possible to move the portion to be heated
by the hot fluid 1n the sheet-like surface member 21 continu-
ously, as the male and the female molds 12, 14 are closing. If
the portion that will be heated by the hot fluid moves, for
example, irom the center of the sheet-like surface member 21
to the peripheral edge thereol as the male and the female
molds 12, 14 are closing, a viscosity lowering of the sheet-
like surface member 21, which will be caused at a contact area
D against which a point C of the salient 125 of the male mold
12 1s pressed, can be prevented and thereby, the thinning of
the sheet-like surface member 21 and the fracture thereof can
be prevented at the contact area D. If the fluid guide surfaces
30, 31 form a channel or channels having a constant depth, the
contact area that will be heated by the hot fluid can be limited
to a particular region of the sheet-like surface member 21.

Next, the method for manufacturing the meter visor 1 waill
be explained with reference to FIGS. 2-7. In the reference
numerals used in FIGS. 2-7, the same reference numerals
indicate the same component elements.

In FIG. 2, the sheet-like surface member 21 made of a TPO
sheet etc., which forms the surface layer 9 of the meter visor
1 for vehicles, 1s fixed to the parting surface PL of the female
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mold 14 by means of the clamping devices 26, 27. The sheet-
like surface member 21 1s, for example, automatically wound
off from a roll of the sheet-like surface member 21 and
inserted between the male mold 12 and the female mold 14
from E direction 1n the figure. In this embodiment, heating of
the sheet-like surface member 21 that 1s fixed to the parting
surface PL of the female mold 14 1s commenced by blowing
off hot fluid B such as hot air from the nozzles 28, 29 before
starting a step of closing the male mold 12 and the female
mold 14. Thereby, the processing site of the sheet-like surface
member 21 1s entirely heated by the hot fluid B at a predeter-
mined temperature during a predetermined time.

When the heating of the sheet-like surface member 21 1s
completed by the step illustrated 1n FIG. 2, the male mold 12
comes down as illustrated in FIG. 3 and the point C of the
salient 126 formed 1n the die surface 12a of the male mold 12
1s pressed against the contact area D of the sheet-like surface
member 21. When the point C of the salient 1256 of the male
mold 12 1s pressed against the contact area D of the sheet-like
surface member 21, the temperature of the contact area D of
the sheet-like surface member 21 gradually falls due to the
thermal gradient between the salient 126 of the male mold 12
and the contact area D of the sheet-like surface member 21.
Simultaneously, the contact area D of the sheet-like surface
member 21 1s not heated directly by the hot fluid B because
the hot fluid B blown out from the nozzles 28, 29 is inter-
cepted by the salient 1256 of the male mold 12. During this
time, the direction of jet flow of the hot fluid B 1s changed by
the fluid guide surfaces 30, 31 1n the side of the male mold 12
from the center of the sheet-like surface member 21 to the
outer periphery (in the vicinity of the clamping devices 26,
27). Thereby, the temperature of the contact area D of the
sheet-like surface member 21 1s falling, while the temperature
of the outer periphery of the sheet-like surface member 21 1s
rising continuously. When the temperature of the contact area
D of the sheet-like surface member 21 falls to a predeter-
mined temperature and the tensile strength of the contact area
D of the sheet-like surface member 21 increases to a prede-
termined value, the male mold 12 1s moved downwardly at a
predetermined rate and 1s closed against the female mold 14.

When the male mold 12 1s moved 1n the direction of the
female mold 14 in FIG. 3, the sheet-like surface member 21
pressed by the point C of the salient 125 comes down and
finally sinks down 1n the vicinity of the bottom of the concave
portion 145 1n the die surface 14a of the female mold 14, that
1s, 1n the vicinity of the deepest part of the die surface 14aq.
During this time, the contact area D of the sheet-like surface
member 21 1s pressed by the point C of the salient 125 of the
male mold 12 downwards and thereby is subject to a tensile
force continuously. However, the temperature of the contact
area D of the sheet-like surface member 21 1s kept lower than
the temperature of the perimeter of the contact area D 1n the
sheet-like surface member 21. During this time, the outer
periphery of the sheet-like surface member 21 1s heated by the
hot fluid B continuously. The tensile strength of the contact
area D ol the sheet-like surface member 21 1s greater than the
tensile strength of the perimeter of the contact area D 1n the
sheet-like surface member 21 so that the contact area D of the
sheet-like surface member 21 1s hard to stretch. Conse-
quently, the contact area D of the sheet-like surface member
21 does neither become small 1n wall thickness nor fracture
when the male mold 12 1s closed against the female mold 14.
In addition, even i1f the surface of the sheet-like surface mem-
ber 21 1s patterned, the pattern 1n the vicinity of the contact
area D of the sheet-like surface member 21 does not become
deformed. Since the tensile strength of the outer periphery of
the sheet-like surface member 21 1s lower than the tensile
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strength of the contact area D, the outer periphery stretches
when the male mold 12 1s closed against the female mold 14.
However, the outer periphery of the sheet-like surface mem-
ber 21 1s a surplus portion that does not constitute a product of
the meter visor 1 for vehicles. Therefore, the quality of the
meter visor 1 for vehicles does not deteriorate even it the
surplus portion becomes small in wall thickness.

When the male mold 12 and the female mold 14 are closed
as 1llustrated 1in FI1G. 4, the blow off of the hot fluid from the
nozzles 28, 29 1s stopped and the sheet-like surface member
21 extends along the die surface 14a of the female mold 14
and lies 1n the space defined by the die surface 12q of the male
mold 12 and the die surface 14q of the female mold 14. At this
time, the sheet-like surface member 21 1s wedged between the
side wall 20q of the block 20 and the side wall 124 of the male
mold 12 and there 1s no space between the side wall 20a of the
block 20 and the side wall 124 of the male mold 12 (refer to
FIG. 2). In the outer part of the die surface 12a of the male
mold 12 and 1n the outer part of the die surface 14a of the
female mold 14, the sheet-like surface member 21 1s also
wedged between the male mold 12 and the female mold 14
(refer to FIG. 4). Under the circumstances, evacuation of air 1s
carried out through the vacuum ports 22, 23, 24 for vacuum
forming and thereby, the sheet-like surface member 21 that
lies 1n the space defined by the die surface 12a of the male
mold 12 and the die surface 14a of the female mold 14 1s
vacuum formed against the die surface 14a of the female
mold 14. At this time, the contact area D of the sheet-like
surface member 21 that was pressed 1nto the bottom portion
or the deepest portion of the concave portion 145 of the
female mold 14 by the point C of the salient 1256 of the male
mold 12 1s low in temperature and high 1n tensile strength and
hard to stretch. Therefore, even 11 the sheet-like surface mem-
ber 21 1s elongated sequentially 1n touch with the die surface
14a from a wall surface in the shallow zone of the die surface
14a of the female mold 14 toward the vacuum port 22 in the
bottom or the deepest portion of the concave portion 145, the
wall thickness of the sheet-like surface member 21 1s kept
substantially even or uniform. In addition, when this vacuum
forming 1s carried out, the sheet-like surface member 21 can
be heated to a predetermined temperature by a heating device
(not shown) attached to the female mold 14, i1 desired.

When the vacuum forming of the sheet-like surface mem-
ber 21 1s completed, the sheet-like surface member 21 1s
attached firmly to the die surface 145 of the female mold 14
and cavities are defined between the reverse side of the sheet-
like surface member 21 and the die surface 12a of the male
mold 12. As illustrated in FIG. 5, a molten resin F 15 mnjected
into the cavities through the resin flow channels 16, 17 and
fills up the cavities with the molten resin F. The injected
molten resin F forms the backing material layer 10 laminated
on the sheet-like surface member 21 (the surface layer 9)
(refer to FIG. 1B). Next, the backing material layer 10 inte-
grated with the sheet-like surface member 21 1s cooled down
while the male mold 12 and the female mold 14 are closed
against each other. When the cooling 1s completed, the ejector
rods 18, 19 are actuated to lift the male mold 12 to the
mold-releasing position as illustrated 1n FIG. 6, if desired, and
then the meter visor 1 1s demolded from the female mold 14.
The demolded meter visor 1 1s subjected to a process for
removal of a surplus portion such as a trimming process and
turther subjected to necessary work such as cutting.

FI1G. 7 shows a schematic diagram of control system for the
manufacturing apparatus of the present invention. When put-
ting the production method of the present invention in prac-
tice, 1t 1s necessary to preliminarily find out the optimum
processing conditions for the sheet-like surface member 21 to
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be used 1n. The optimum processing conditions vary accord-
ing to the materials of the sheet-like surface member 21 to be
used, and the shapes of the products to be manufactured etc.
Consequently, as for specific products such as a meter visor 1
for vehicles, various closing motions of the molds are pre-
liminarily carried out under various heating conditions and
while those mold closing motions are carried out, temperature
changes of the contact area D where the salient 1256 of the
male mold 12 1s pressed against the sheet-like surface mem-
ber 21 are measured, for example, by a temperature sensor 32
embedded 1n the salient 125 of the die surface 12a of the male
mold 12. Then, on the basis of the data obtained 1n such a way,
the heater 33 for supplying hot fluid and the actuator 34 for
driving the male mold 12 are controlled to process the sheet-
like surtace member 21. For example, the temperature of the
contact area D of the sheet-like surface member 21 can be
determined by comparing and considering the degree of
adhesion between the salient 126 of the male mold 12 and the
sheet-like surface material 21 and the degree of defectiveness
existing 1n the contact area D of the sheet-like surface mem-
ber 21. In addition, the temperature of the contact area D of
the sheet-like surface member 21 can be adjusted by control-
ling a rate of closing the male mold 12 and the female mold
14. Furthermore, 1f the materials of a plastic baking material
that 1s 1mnjected on a rear surface of a vacuum-formed sheet-
like surface member 21 and the conditions for processing the
plastic backing materal are determined, and 1f the production
apparatus 1 of the present invention 1s controlled by CPU 35
etc. on the basis of those data determined 1n such a way, the
same laminated products of synthetic resin can be manufac-
tured under the same conditions as far as the laminated prod-
ucts are made from the same materials and shaped into the
same configurations.

Third Embodiment

FIGS. 8 and 9 show another embodiment of the production
method and apparatus according to the present invention. In
FIGS. 1-9, the same reference numeral indicates the same
constituent element. The features of this embodiment reside
in that the sheet-like surface member 21 1s secured to the
parting surface PL of the female mold 14 by the clamping
devices 26, 27 and then, the point C of the salient 125 of the
male mold 12 1s pressed against the contact area D of the
sheet-like surface material 21 while the sheet-like surface
member 21 1s 1n cold condition, as 1llustrated in FIG. 8; and
then, hot fluid (hot air) B 1s blown off {from the nozzles 28, 29
to start heating the sheet-like surface member 21, as illus-
trated 1n FIG. 9. The contact area D of the sheet-like surface
member 21 1s not subjected to the hot fluid B directly, accord-
ing to this embodiment, because the hot fluid B 1s supplied
alter the point C of the salient 125 of the male mold 12 is
pressed against the contact area D of the sheet-like surface
member 21, following commencement of mold closing
action. Consequently, 1t 1s easy to moderate a rise of tempera-
ture in the contact area D of the sheet-like surface member 21
as compared with the first embodiment of the present mven-
tion. Therefore, 1n those instances where a raised portion of
the product to be produced protrudes by a large margin and
any defects such as a fracture of a sheet or an elongation of
patterns may be occurred in the contact area D of the sheet-
like surface member 21, the production method of this
embodiment may be useful. Other constituents of this
embodiment are the same as those of the first embodiment of
the present invention.

The production method and apparatus of the present inven-
tion can typically be applied to a manufacture of interior parts
for vehicles, which 1s made of a laminate consisting of a
surface layer made of soit feel materials such as olefin-based
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thermoplastic elastomer (TPO) and a plastic backing material
with the requisite rigidity. However, the production method
and apparatus of the present invention can be applied exten-
stvely to a manutacture of a plastic laminated body having a
relatively large concavity and convexity, without being lim-
ited to amanufacture of imnterior parts for vehicles. In addition,
the plastic laminated articles produced by the present inven-
tion can typically be used as interior parts for vehicles such as
a meter visor, however, in view of the degree of impact resis-
tance, the margin of safety when the plastic backing layer 1s
fractured, the tolerance of temperature changes due to two-
layer structure composed of similar resin materials, and the
recycling efficiency, the application of the plastic laminated
articles 1s not limited to interior parts for vehicles and 1is
superior in general versatility.

The mvention claimed 1s:

1. A method of manufacturing a plastic laminated article
having a raised portion on a surface of the plastic laminated
article, the method comprising:

arranging and securing a sheet of a thermoplastic synthetic

resin between a die surface of a female mold, which has
a concave portion accommodating an obverse side pro-
file of the raised portion, and a die surface of a male
mold, which has a convex portion accommodating a
reverse side profile of the raised portion;

heating the sheet by blowing a heated fluid onto the sheet

through at least one nozzle located at at least one of the
female and male molds;

relatively moving the female mold and the male mold 1n a

closing direction of the female and male molds and,
without closing the female mold against the male mold,
pressing the convex portion of the male mold against the
sheet to create an area of contact between the convex
portion of the male mold and the sheet, drawing the sheet
with the convex portion of the male mold so that part of
the sheet extends along the die surface of the female
mold, and, simultaneously, controlling the blowing of
the heated fluid onto the sheet by commencing closing of
the female mold and the male mold after starting the
blowing of the heated fluid onto the sheet to provide a
thermal gradient between the convex portion of the male
mold and the sheet so that the sheet has a lower tempera-
ture and a higher tensile strength 1n the area of contact
than 1n an area surrounding the area of contact;

closing the female mold against the male mold, while
blowing the heated fluid onto the sheet, to define a cavity
for vacuum forming between the die surface of the
female mold and the die surface of the male mold, and
vacuum forming the sheet, which extends 1n the cavity
for vacuum forming, against the die surface of the
female mold, thereby attaching the sheet to the die sur-
face of the female mold and defining a cavity for injec-

tion molding between the sheet and the die surface of the
male mold; and

injecting a molten resin into the cavity for injection mold-

ing and forming a backing material layer of the resin
laminated on the sheet.

2. A method of manufacturing a plastic laminated article
having a raised portion on a surface of the plastic laminated
article, the method comprising:

arranging and securing a sheet of a thermoplastic synthetic

resin between a die surface of a female mold, which has
a concave portion accommodating an obverse side pro-
file of the raised portion, and a die surface of a male
mold, which has a convex portion accommodating a
reverse side profile of the raised portion;
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heating the sheet by blowing a heated fluid onto the sheet
through at least one nozzle located at at least one of the
female and male molds:

relatively moving the female mold and the male mold 1n a

closing direction of the female and male molds and,
without closing the female mold against the male mold,
pressing the convex portion of the male mold against the
sheet to create an area of contact between the convex
portion of the male mold and the sheet, drawing the sheet
with the convex portion of the male mold so that part of
the sheet extends along the die surface of the female
mold, simultaneously controlling the blowing of the
heated fluid onto the sheet by commencing closing of the
female mold and the male mold before starting the blow-
ing of the heated tluid onto the sheet, to provide a ther-
mal gradient between the convex portion of the male
mold and the sheet so that the sheet has a lower tempera-
ture and a higher tensile strength 1n the area of contact
than 1 an area surrounding the area of contact, and
blowing the heated fluid onto the sheet after the convex
portion of the male mold 1s pressed against the sheet to
create the area of contact between the convex portion of
the male mold and the sheet;

closing the female mold against the male mold to define a

cavity for vacuum forming between the die surface of
the female mold and the die surface of the male mold,
and vacuum forming the sheet, which extends in the
cavity for vacuum forming, against the die surface of the
female mold, thereby attaching the sheet to the die sur-
face of the female mold and defining a cavity for injec-
tion molding between the sheet and the die surface of the
male mold; and

injecting a molten resin 1nto the cavity for injection mold-

ing and forming a backing material layer of the resin
laminated on the sheet.

3. The method as recited in claim 2, including closing the
female mold and the male mold while blowing the heated
fluid onto the sheet.

4. The method as recited in claim 2, including closing the
female mold and the male mold after stopping the blowing of
the heated tluid onto the sheet.

5. A method of manufacturing a plastic laminated article
having a raised portion on a surface of the plastic laminated
article, the method comprising:

arranging and securing a sheet of a thermoplastic synthetic

resin between a die surface of a female mold, which has
a concave portion accommodating an obverse side pro-
file of the raised portion, and a die surface of a male
mold, which has a convex portion accommodating a
reverse side profile of the raised portion;

heating the sheet by blowing a heated fluid onto the sheet

through at least one nozzle located at at least one of the
female and male molds:

relatively moving the female mold and the male mold 1n a

closing direction of the female and male molds and.,
without closing the female mold against the male mold,
pressing the convex portion of the male mold against the
sheet to create an area of contact between the convex
portion of the male mold and the sheet, drawing the sheet
with the convex portion of the male mold so that part of
the sheet extends along the die surface of the female
mold, and, simultaneously, controlling the blowing of
the heated fluid onto the sheet to provide a thermal
gradient between the convex portion of the male mold
and the sheet so that the sheet has a lower temperature
and a higher tensile strength 1n the area of contact than 1n
an area surrounding the area of contact;
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closing the female mold against the male mold to define a

cavity for vacuum forming between the die surface of
the female mold and the die surface of the male mold,
controlling the blowing of the heated tluid onto the sheet

18

mold, which has a convex portion accommodating a
reverse side profile of the raised portion;

alter arranging and securing the sheet between the die

surfaces of the female and male molds, relatively mov-

by deflecting the heated fluid from a center portionto a 5 ing the female mold and the male mold 1n a closing
peripheral edge portion of the sheet while closing the direction of the female and male molds and, without
male mold and the female mold, and vacuum forming closing the female mold against the male mold, pressing
the sheet, which extends 1n the cavity for vacuum form- the convex portion of the male mold against the sheet to
ing, against the die surface of the female mold, thereby create an area ol contact between the convex portion of
attaching the sheet to the die surface of the female mold 10 the male mold and the sheet;

and defimng a cavity for injection molding between the
sheet and the die surface of the male mold; and

heating the sheet while the sheet 1s arranged and secured

between the die surfaces of the female and male molds

by blowing a heated fluid onto the sheet;

turther moving the female mold and the male mold 1n the
closing direction and drawing the sheet with the convex
portion of the male mold so that part of the sheet extends
along the die surface of the female mold, simulta-
neously, controlling the blowing of the heated fluid onto
the sheet by commencing closing of the female mold and

injecting a molten resin into the cavity for injection mold-
ing and forming a backing material layer of the resin
laminated on the sheet. 15
6. A method of manufacturing a plastic laminated article
having a raised portion on a surface of the plastic laminated
article, the method comprising:
arranging and securing a sheet of a thermoplastic synthetic

resin between a die surface of a female mold, which has 20 the male mold before starting the blowing of the heated
a concave portion accommodating an obverse side pro- fluid onto the sheet, and the male mold so that, due to
file of the raised portion, and a die surface of a male differences 1n heat capacities of the male mold and the
mold, which has a convex portion accommodating a sheet, the sheet has a lower temperature and a higher
reverse side profile of the raised portion; tensile strength in the area of contact than 1n an area
after arranging and securing the sheet between the die 25 surrounding the area of contact, and blowing the heated

surfaces of the female and male molds, relatively mov-
ing the female mold and the male mold 1n a closing
direction of the female and male molds and, without

fluad onto the sheet after the convex portion of the male
mold 1s pressed against the sheet to create the area of
contact between the convex portion of the male mold and

the sheet;

closing the female mold against the male mold to define a
cavity for vacuum forming between the die surface of
the female mold and the die surface of the male mold,
and vacuum forming the sheet, which extends in the
cavity for vacuum forming, against the die surface of the
female mold, thereby attaching the sheet to the die sur-
face of the female mold and defining a cavity for injec-
tion molding between the sheet and the die surface of the
male mold; and

injecting a molten resin 1nto the cavity for injection mold-

ing and forming a backing material layer of the resin
laminated on the sheet.

8. The method as recited 1n claim 7, including closing the
female mold and the male mold while blowing the heated
fluid onto the sheet.

9. The method as recited in claim 7, including closing the
female mold and the male mold after stopping the blowing of
the heated fluid onto the sheet.

closing the female mold against the male mold, pressing
the convex portion of the male mold against the sheetto 30
create an area ol contact between the convex portion of
the male mold and the sheet;
heating the sheet while the sheet 1s arranged and secured
between the die surfaces of the female and male molds
by blowing a heated fluid onto the sheet; 35
further moving the female mold and the male mold 1n the
closing direction and drawing the sheet with the convex
portion of the male mold so that part of the sheet extends
along the die surface of the female mold, and, simulta-
neously, controlling the blowing of the heated fluid onto 40
the sheet by commencing closing of the female mold and
the male mold after starting the blowing of the heated
fluid onto the sheet and the male mold so that, due to
differences 1n heat capacities of the male mold and the
sheet, the sheet has a lower temperature and a higher 4s
tensile strength in the area of contact than 1n an area
surrounding the area of contact;
closing the female mold against the male mold, while 10. A method of manufacturing a plastic laminated article
blowing the heated fluid onto the sheet, to define a cavity having a raised portion on a surface of the plastic laminated
for vacuum forming between the die surface of the 50 article, the method comprising:
female mold and the die surface of the male mold, and arranging and securing a sheet of a thermoplastic synthetic
vacuum forming the sheet, which extends 1n the cavity resin between a die surface of a female mold, which has
for vacuum forming, against the die surface of the a concave portion accommodating an obverse side pro-
female mold, thereby attaching the sheet to the die sur- file of the raised portion, and a die surface of a male
face of the female mold and defining a cavity for injec- 55 mold, which has a convex portion accommodating a
tion molding between the sheet and the die surface of the reverse side profile of the raised portion;
male mold; and after arranging and securing the sheet between the die
injecting a molten resin into the cavity for injection mold- surfaces of the female and male molds, relatively mov-
ing and forming a backing material layer of the resin ing the female mold and the male mold 1n a closing
laminated on the sheet. 60 direction of the female and male molds and, without
7. A method of manufacturing a plastic laminated article closing the female mold against the male mold, pressing
having a raised portion on a surface of the plastic laminated the convex portion of the male mold against the sheet to
article, the method comprising: create an area ol contact between the convex portion of
arranging and securing a sheet of a thermoplastic synthetic the male mold and the sheet;
resin between a die surface of a female mold, whichhas 65  heating the sheet while the sheet 1s arranged and secured
a concave portion accommodating an obverse side pro- between the die surfaces of the female and male molds
file of the raised portion, and a die surface of a male by blowing a heated fluid onto the sheet;
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further moving the female mold and the male mold 1n the
closing direction and drawing the sheet with the convex
portion of the male mold so that part of the sheet extends
along the die surface of the female mold, and, simulta-
neously, controlling the blowing of the heated fluid onto 4
the sheet and the male mold so that, due to differences in
heat capacities of the male mold and the sheet, the sheet
has a lower temperature and a higher tensile strength in
the area of contact than in an area surrounding the area of
contact; 10
closing the female mold against the male mold to define a
cavity for vacuum forming between the die surface of
the female mold and the die surface of the male mold,

controlling the blowing of the heated fluid to the sheet by

20

deflecting the heated fluid from a center portion to a
peripheral edge portion of the sheet while closing the
male mold and the female mold, and vacuum forming
the sheet, which extends 1n the cavity for vacuum form-
ing, against the die surface of the female mold, thereby
attaching the sheet to the die surface of the female mold
and defiming a cavity for injection molding between the
sheet and the die surface of the male mold; and

injecting a molten resin 1nto the cavity for injection mold-

ing and forming a backing material layer of the resin
laminated on the sheet.
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